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Cranberry	  fruitworm:	  2014	  
What	  to	  use	  
	  when	  and	  why?!?	  
Marty	  Sylvia	  
UMass	  Cranberry	  Sta1on	  
CFW	  Review	  
•  Change	  in	  ?ming	  	  	  
– 2010,	  1st	  CFW	  spray	  at	  50%	  out	  of	  bloom	  
•  Change	  in	  varie?es	  
– Trending	  to	  larger	  varie?es,	  over	  10	  years	  
•  Change	  in	  compounds	  
–  Intrepid	  2002,	  Delegate	  2008,	  Altacor	  2011	  
•  Change	  in	  mode	  of	  ac?on	  
– OP’s	  phasing	  out,	  new	  chemistries	  different	  
Change	  in	  mode	  of	  ac?on?	  
•  Insec?cides	  work	  by	  chemical	  ac?on	  
– Target	  the	  nervous	  system	  of	  the	  insect	  
•  Neurotoxins	  ac?ng	  on	  neurotransmiRers	  
Overview	  
•  Mode	  of	  ac?on	  >>	  target	  site	  in	  pest	  
•  Nerve/muscle	  systems	  targeted	  :	  
–  Nervous	  
•  Organophosphates	  	  and	  Carbamates(Diazinon,	  Imidan,	  Sevin)	  
•  Neonico?noids	  (Admire,	  Belay,	  Actara)	  
•  Oxidiazines	  (Avaunt)	  
•  Spinosyns	  (Delegate)	  
–  Muscular	  	  
•  Diamides	  (Altacor,	  new	  Altacor)	  
•  Growth	  regulator	  
–  Mol?ng	  hormone	  agonist	  (Intrepid,	  Confirm)	  













Diamides	  Ryanodine	  Receptors	  
Mitochondria	  
The	  neuromuscular	  junc1on	  connects	  the	  nervous	  system	  to	  the	  muscular	  system	  via	  
synapses	  between	  motor	  neuron	  and	  muscle	  fibers,	  also	  known	  as	  muscle	  cells.	  
The	  acetycholine	  neural	  transmission	  












Indoxacarb-­‐Avaunt	   Diamides	  
	  Ryanodine	  Receptors	  
Mitochondria	  
Blocks	  the	  movement	  of	  
sodium	  ions	  into	  nerve	  
cell	  channels	  	  
Acts	  on	  the	  enzyme	  
acetycholine	  (nerve	  
transmiRer)	  and	  inhibits	  
its	  ability	  to	  transmit	  
Binds	  to	  site	  on	  nico?nic	  
acetylcholine	  receptors	  
The	  acetycholine	  neural	  transmission	  
– binds	  sites	  on	  nico?nic	  
acetylcholine	  receptors	  of	  
insect	  nervous	  system	  	  





–  Spinosad	  kills	  insects	  via	  hyperexcita?on	  of	  the	  insect	  
nervous	  system	  
–  Spinosad	  so	  far	  has	  proven	  non	  cross-­‐resistant	  to	  any	  
other	  known	  insec?cide	  
–  Cranberry	  got	  Spintor	  in	  2002,	  Delegate	  2008	  
DIAMIDES	  Group	  28	  in	  IRAC	  
Ryanodine	  Receptor	  Modulator	  Insec?cides	  
Anthranilic	  Diamides,	  Phthalic	  Diamide	  
•  Altacor,	  Rynaxypyr,	  chlorantraniliprole	  
–  Dupont,	  Syngenta	  
•  New	  Altacor,	  xxxxxniliprole	  
–  Dupont,	  Altacor	  analogue	  
•  Bayer	  Diamide,	  xxxxxdiamide	  
–  Bayer,	  Nihon	  Nohyaku	  
–  EPA	  5	  yr	  registra?on	  in	  2009	  but	  not	  for	  “HIGH	  RISK”	  
cranberry	  
•  ISK	  diamide,	  xxxxxniliprole	  
–  ISK	  developing	  
DIAMIDES	  Group	  28	  in	  IRAC	  
Ryanodine	  Receptor	  Modulator	  Insec?cides	  
Anthranilic	  Diamides,	  Phthalic	  Diamide	  
•  Altacor,	  Rynaxypyr,	  chlorantraniliprole	  
–  Dupont,	  Syngenta	  
•  New	  Altacor,	  xxxxxniliprole	  
–  Dupont,	  Altacor	  analogue	  
•  Bayer	  Diamide,	  xxxxxdiamide	  
–  Bayer,	  Nihon	  Nohyaku	  
–  EPA	  5	  yr	  registra?on	  in	  2009	  but	  not	  for	  “HIGH	  RISK”	  
cranberry	  
•  ISK	  diamide,	  xxxxxniliprole	  




•  Cause	  paralysis	  in	  insects	  by	  sustained	  
contrac?on	  of	  muscles	  
•  Ac?vates	  the	  
calcium	  release	  
channel	  of	  the	  
muscle	  network	  
•  Locks	  open	  the	  
calcium	  channel	  
Larvae	  
contract	  to	  half	  
the	  size	  of	  
untreated	  
larvae	  within	  
1-­‐2	  hours	  post	  
applica1on	  
Ryanodine	  receptors	  
•  S?mula?ng	  the	  release	  and	  deple?on	  of	  
intracellular	  calcium	  stores	  in	  the	  network	  of	  
muscle	  cells	  
•  Causes	  impaired	  muscle	  regula?on,	  paralysis	  	  
and	  ul?mately	  death	  of	  sensi?ve	  species	  
•  Selec?ve	  for	  insect	  
receptors	  over	  
mammalian	  
•  Excellent	  toxicity	  and	  
ecotoxicity	  profiles	  
Codling	  Moth	  =	  apple	  worm	  
Cranberry	  fruitworm	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Sparganothis	  fruitworm	  
In	  Codling	  Moth,	  Altacor	  used…	  
•  best	  results	  when	  applied	  before	  egg-­‐hatch	  
•  ovicidal	  ?ming	  (egg-­‐laying	  to	  “black-­‐head”	  stage)	  
•  long	  las?ng	  biological	  availability	  of	  molecule	  	  
•  par?al	  ovicidal	  effects,	  potent	  ovi-­‐larvicidal	  effects	  	  
•  strong	  larvicidal	  ac?vity	  on	  codling	  moth	  neonates,	  
either	  by	  contact	  or	  inges?on	  













Cranberry	  Fruitworm	  Lab	  Data	  2005	  	  
CFW	  Crisps	  
•  When	  egg	  hatches,	  
larvae	  walk	  up	  surface	  of	  
berry	  to	  top	  of	  the	  stem	  
where	  they	  align	  with	  
stem	  to	  drill	  in.	  	  	  
•  Exposed	  to	  enough	  
pes?cide	  to	  be	  toxic,	  or	  




































































































































































































































2005	  State	  Bog	  EB	  Field	  Trial	  
Average	  %	  fruitworm	  damage	  
Old	  State	  Bog,	  set	  up	  fruitworm	  in	  cages	  
Allowed	  to	  lay	  eggs,	  3	  days	  end	  of	  July	  
Sprayed	  plots	  8/1,	  Harvested	  8/23	  
1	  spray	  only!	  


























Cranberry	  Weevil,	  Lab	  Trial	  2006	  
sick	  
sick	  
% berries with larval entries 
in 8 combined CFW trials 
COMBINED	  RESULTS	  OF	  8	  LAB	  TRIALS,	  2007 
Egg	  Infested	  fruit	  dipped,	  assessed	  7-­‐10	  days	  later 
%	  dead	  eggs %	  dead	  larva 
Diazinon 80% 87% 
Safari 62% 98% 
Belay 86% na 
Neo	  3 58% 89% 
Assail 57% 100% 
Sevin 44% 96% 
Delegate 70% 88% 
New	  Altacor 13% 93% 
Altacor 11% 90% 
Intrepid 17% 92% 
Avaunt 29% 71% 
Control 12% 14% 
Control	   75	  
Intrepid	   30	  
Avaunt	   20	  
Altacor	   18	  
Bayer	  Diamide	   10	  
Delegate	   7	  
Diazinon	   0	  
Venom	   0	  
Neo	  3	   0	  
Assail	   0	  
Sevin	   0	  
% berries with larval entries 
in 8 combined CFW trials 
COMBINED	  RESULTS	  OF	  8	  LAB	  TRIALS,	  2007 
Egg	  Infested	  fruit	  dipped,	  assessed	  7-­‐10	  days	  later 
%	  dead	  eggs %	  dead	  larva 
Diazinon 80% 87% 
Safari 62% 98% 
Belay 86% na 
Neo	  3 58% 89% 
Assail 57% 100% 
Sevin 44% 96% 
Delegate 70% 88% 
Bayer	  Diamide 13% 93% 
Altacor 11% 90% 
Intrepid 17% 92% 
Avaunt 29% 71% 
Control 12% 14% 
Control	   75	  
Intrepid	   30	  
Avaunt	   20	  
Altacor	   18	  
Bayer	  Diamide	   10	  
Delegate	   7	  
Diazinon	   0	  
Safari	   0	  
Neo	  3	   0	  
Assail	   0	  
Sevin	   0	  
Abandoned	  EB	  with	  mega-­‐infesta?on	  of	  
fruitworm	  and	  yellowheaded	  fireworm!	  
Field	  trial:	  methods	  
•  5	  replicates/treatment	  
•  150	  gal/A	  with	  CO2	  backpack	  	  
	   	   	   	   	   	   	   	  sprayer	  
•  Two	  applica?ons	  
–  7/10	  and	  7/19	  
–  First	  spray:	  based	  on	  	  
	  	  	  	  	  	  	  	  	  	  	  old	  recommenda?ons	  
•  7-­‐10	  days	  aper	  50%	  out-­‐of-­‐bloom	  
–  Second	  spray:	  9	  days	  later	  
•  Fruit	  randomly	  sampled	  aper	  second	  spray	  
•  Damaged	  assessed	  towards	  end	  of	  season	  
Treatments	  
a ab bc bc cd de de de 
e 
Comparison	  of	  neonico?noids	  
Assail*             Safari             Belay       Control	  
 Delegate      Diamide      Intrepid      Diamide     Diazinon 
                  4 oz                               2 oz	  	  
Yellow	  headed	  fireworm	  	  
RAGING	  on	  the	  plots	  
•  Visual	  assessment	  of	  plots 	   	  	  
•  6	  days	  aper	  second	  spray	  
•  Ra?ng	  system	  from	  0	  to	  5	  
 0	  =	  no	  control	  
 5	  =	  good	  control	  
Yellow-­‐headed	  fireworm	  	  









































Control	  plot	  in	  August	  
Delegate	  8/21	  
Control	  





•  Chose	  6	  sites	  with	  beds	  
of	  4	  cul?vars	  
– Ben	  Lears,	  Stevens,	  	  	  	  	  	  	  
Early	  Blacks,	  Howes	  
‘north’ --  Carver 3 
‘south’  -- Wareham 3 
CFW	  ac?vity	  on	  cul?vars	  
•  sampled	  every	  few	  days	  
•  started	  early	  June	  






















Total	  moth	  captures	  by	  site	  
Cul?var	  comparison,	  across	  all	  6	  sites	  




























SUMMARY	  POINT:	  	  no	  clear	  differences	  among	  cul?vars	  
Checked	  45,388	  berries,	  found	  329	  eggs	  
Egg	  infesta?on	  very	  low	  <1	  %	  (0.725)	  
1ming	  of	  	  flight?	  	  	  	  early	  ac?vity	  in	  early	  
cul?vars,	  esp.	  north,	  even	  Howes	  showed	  
June	  flight,	  liRle	  ac?vity	  in	  August	  







Average	  July	  date	  -­‐-­‐	  50%	  OOB	  	  
north	  
south	  




















Egg-­‐laying	  in	  rela1on	  to	  50%	  OOB	  
before	   aber	  
How	  does	  egglaying	  relate	  to	  50	  %	  out-­‐of-­‐bloom?	  





















BL	   ST	   EB	  
Females	  prefer	  to	  lay	  eggs	  on	  fruits	  that	  are	  3	  mm	  or	  larger	  
At	  50%	  OOB,	  fruit	  size	  in	  random	  sample	  
Summary	  of	  findings	  
•  Moth	  captures	  and	  egglaying	  ac?vity	  were	  
high	  before	  50%	  OOB	  on	  early	  varie?es	  
– EB,	  ST,	  BL	  
– By	  following	  old	  IPM	  recs	  and	  delaying	  spray,	  bog	  
is	  faced	  with	  persistent	  annual	  fruitworm	  pressure	  
(from	  early	  segment	  of	  egg	  popula?on)	  
•  Not	  so	  on	  Howes	  
– Ac?vity	  delayed	  
Old	  IPM	  recommenda?ons	  
– EB	  and	  Howes:	  	  	  
•  spray	  7-­‐9	  days	  later	  
– Stevens:	  	  	  
•  spray	  3-­‐5	  days	  later	  
– Ben	  Lears:	  	  
•  spray	  5-­‐7	  days	  later	  
•  Es?mate	  when	  crop	  is	  at	  50%	  OOB	  
New	  IPM	  recommenda?ons	  
–  Stevens:	  	  spray	  Altacor!	  
– Ben	  Lears:	  spray	  Altacor!	  
– EB:	  spray	  Altacor!	  
– Howes:	  spray	  7-­‐9	  days	  later	  
•  Altacor	  or	  Intrepid	  are	  top	  choices	  
since	  pollinators	  are	  s?ll	  ac?ve	  on	  
flowers	  
•  Delegate	  is	  OK	  but	  spray	  must	  dry	  
•  Do	  NOT	  use	  Diaz	  or	  Sevin	  at	  this	  point!	  
•  Es?mate	  when	  crop	  is	  at	  50%	  OOB	  
%	  out	  of	  bloom	  
•  Pick	  or	  look	  at	  10	  
uprights	  	  
•  RANDOMLY	  
•  How	  many	  are	  	  




	  pinhead/fruit 	  	  
total	  number	  of	  pods,	  
flowers,	  pinheads,	  fruit	  
	  pinhead/fruit 	  	  
total	  number	  of	  pods,	  
flowers,	  pinheads,	  fruit	  
%	  out	  of	  bloom	  
	  4/0 	  	  
total	  number	  of	  3,	  9,	  4,	  0	  
	  4 	  	  
16	  
	  pinhead/fruit 	  	  
total	  number	  of	  pods,	  
flowers,	  pinheads,	  fruit	  
%	  out	  of	  bloom	  
	  4/0 	  	  
total	  number	  of	  3,	  9,	  4,	  0	  
	  4 	  	  
16	  
50%	  out	  of	  bloom	  	  
number	  of	  sites	  by	  date	  
BL	  	  ranged	  between	  July	  1	  and	  6	  
ST	  ranged	  between	  July	  3	  and	  10	  
2009:	  Middleboro	  abandoned	  Howes	  	  
Field	  trial:	  methods	  
•  5	  replicates/treatment	  
•  Two	  applica?ons	  	  7/23	  and	  7/30	  	  
	  (spray	  scheduled	  based	  on	  OOB	  plus	  7,	  Howes)	  
•  350	  gal/A	  with	  CO2	  
backpack	  sprayer	  
•  Fruit	  randomly	  sampled	  
aper	  second	  spray	  
Treatments,	  2	  sprays	  
Results	  2009	  trial:	  	  	  
28	  Days	  aper	  Treatment	  
2011	  CFW	  SPRAY	  TRIAL	  
Treatments:	  	  Delegate,	  two	  new	  “diamides”	  	  
that	  are	  safe	  for	  bees	  (Altacor	  and	  New	  Altacor)	  
Howes	  plots	  treated	  (4	  reps)	  with	  backpack	  sprayer	  
Plots	  sampled	  in	  Sept.,	  fruit	  inspected	  for	  CFW	  damage	  	  
Mean	  (±SD)	  percent	  cranberry	  fruitworm	  injury;	  
results	  show	  excellent	  subs?tutes	  	  












































































Howes	  plots	  treated	  (4	  reps)	  
with	  backpack	  sprayer	  
Plots	  sampled	  in	  Sept.,	  fruit	  
inspected	  for	  CFW	  damage	  	  
Average	  
Hypotheses	  
1.  We	  will	  see	  beRer	  industry-­‐wide	  fruitworm	  
management	  in	  early	  varie?es	  as	  spray	  
?ming	  is	  moved	  up	  
2.  As	  care	  is	  taken	  to	  conserve	  na?ve	  bees,	  we	  
will	  see	  increased	  diversity	  and	  abundance	  
a.  bee-­‐friendly	  compounds	  are	  adopted	  
b.  Bee-­‐friendly	  bog	  habitats	  are	  established	  
Recent	  CFW	  Sprays	  
Based	  on	  that	  survey	  info	  for	  2011	  




















































Insec?cide	  Use	  Over	  Last	  10	  Years	  in	  MA	  Cranberry	  
GROUP	  1	  	  	  	  	  ORGANOPHOSPHATES	   Diazinon diazinon 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  AND	  CARBAMATES Imidan phosmet 
	  Acetylcholine	  esterase	  inhibitor Lorsban chlorpyrifos 
Orthene acephate 
Sevin carbaryl 
GROUP	  3	  	  	  	  	  PYRETHRINS Pyreth-­‐It pyrethrin 
Sodium	  channel	  modulators Pyganic pyrethrin 
GROUP	  4	  	  	  	  	  4A	  NEONICOTINOIDS Actara thiamethoxam 
Nico?nic	  Acetylcholine	  receptor	  agonists Admire imidacloprid 
Assail acetamiprid 
Belay clothianidin 
GROUP	  5	  	  	  	  	  SPINOSYNS Delegate spinetoram 
SpinTor spinosad 
Success spinosad 
Nico?nic	  Acetylcholine	  receptor	  allosteric	  ac?vators Entrust spinosad 
GROUP	  11 Dipel,	  Xentari Bacillus	   
Microbial	  disruptors	  of	  insect	  midgut	  membranes Biobit thuringiensis 
GROUP	  12	  	  	  	  	  Inhibitors	  of	  mitochondrial	  ATP	  
synthase Nexter propargite 
GROUP	  18	  	  	   Confirm tebufenozide 
Ecdysone	  agonists	  /	  mol?ng	  disruptors Intrepid methoxyfenozide 
GROUP	  22	  	  	  Voltage-­‐dependent	  sodium	  channel	  
blockers Avaunt indoxacarb 
GROUP	  23	  	  	  	  Inhibitors	  of	  acetyl	  CoA	  carboxylase Oberon spiromesifen 
GROUP	  28	  	  	  DIAMIDES	  	  	  Ryanodine	  receptor	  
modulators Altacor chlorantraniliprole 
BoRom	  Line	  –	  what’d	  we	  learn?	  
•  Different	  modes	  of	  ac?on	  
–  Ac?ng	  on	  different	  parts	  of	  the	  insect	  
–  Won’t	  build	  resistance	  
•  Use	  Altacor,	  Delegate,	  Intrepid,	  and	  Diazinon	  
–  They	  are	  all	  different!	  
•  Use	  Altacor	  first,	  at	  50%	  out	  of	  bloom	  
–  No	  bee	  toxicity	  
–  Kills	  larvae	  as	  eggs	  hatch	  
–  Long	  las?ng,	  fabulous	  residual	  
–  if	  used	  twice,	  space	  out	  at	  least	  2	  weeks	  
•  New	  Altacor	  likely	  available	  this	  year	  
–  Likely	  s?ll	  only	  2	  shots	  available	  of	  “diamide”	  
